1. Introduction {#sec0005}
===============

Rice is the most important crop and a model experimental plant in the world. Numerous transformation protocols are available to introduce a transgene into rice. These are based on direct gene transfer by chemical methods [@bib0060], [@bib0090], [@bib0185], [@bib0245], [@bib0280], electroporation [@bib0030], [@bib0080], [@bib0275] or particle gun delivery [@bib0120], [@bib0130], [@bib0240], [@bib0290] and through *Agrobacterium* mediated transfer protocols involving *in planta* transformation [@bib0040] or callus mediated routes [@bib0095], [@bib0100], [@bib0200], [@bib0215], [@bib0225]. Direct gene transfer protocols have certain limitations as they may require specific equipment, time and skill labor, besides they are affected by the low rates of regeneration and high copy number integration [@bib0035]. The *Agrobacterium* mediated transformation of rice calli is the popular method for stable integration of the transgene in the rice genome. This normally results in low copy number integrations and plants having a single copy of transgene exhibit stable expression as compared to those containing multiple gene copies or scrambled inserts [@bib0110]. Moreover multiple gene copies frequently lead to co-suppression and gene silencing [@bib0255].

Several protocols are available that report the improvement in *Agrobacterium*-mediated transformation of rice. These are based on the use of different types of explants like mature seed [@bib0250], immature embryo [@bib0005], leaf [@bib0125], shoot apex [@bib0070] and root [@bib0025]. The protocols also describe the effects of changes in the nature and concentrations of phytohormones like BAP [@bib0135], Kinetin [@bib0105], TDZ [@bib0205], Zeatin [@bib0175] and Putrescine [@bib0220] in the culture medium. The protocols differ in the matrix [@bib0095], [@bib0210] carbohydrate source [@bib0145] and the *Agrobacterium* strains [@bib0100]. It has been observed that, the transformation efficiency is generally low in the indica rice cultivars as compared to the japonica cultivars [@bib0045], [@bib0050], [@bib0055], [@bib0130], [@bib0290].

Most of the protocols employ antibiotic selection using one (Hygromycin) or two antibiotics on the regeneration medium. β-Lactam antibiotics are frequently used for *Agrobacterium* elimination from the transformed tissues [@bib0065]. β-Lactam antibiotics lyse and kill the bacteria by specifically interfering with the biosynthesis of the prokaryotic peptidoglycan component of the bacterial cell wall by binding to penicillin-binding proteins [@bib0015]. Carbenicillin and cefotaxime are the penicillin class and cephalosporin class, respectively, of the β-Lactam antibiotics group. The other categories of β-Lactam antibiotics include cephamycin, oxacephem, monobactam and carbapenem. Although eukaryotic plant cells do not have any known targets for β-Lactams, the chemicals can affect, positively or negatively, plant organogenesis, embryogenesis or callogenesis [@bib0165]. In the present study the effects of antibiotics on regeneration of the more popular and elite but recalcitrant cultivar, *Oryza sativa* cv IR64 was identified by comparing across different culture media varying in the nature and concentrations of phytohormones ensuing the pCAMBIA1300 constructs for *Agrobacterium-*mediated transformation of the regenerative calli.

2. Methodology {#sec0010}
==============

2.1. Callus induction {#sec0015}
---------------------

Mature seeds of rice cultivar IR64 were de-husked and treated with 50% bleach supplemented with 2--3 drop Tween 20 for 45 min followed by 5--6 times washing with autoclaved distilled water. Surface-sterilized seeds were dried on autoclaved Whatman paper and incubated on callus induction media (CIM) in dark at 25--28 °C [@bib0210]. The CIM favoured the development of the scutellar region into a highly regenerative calli within a period of 3 weeks. The calli were excised and sub-cultured onto fresh CIM in dark for 5 days.

2.2. Agroinfection {#sec0020}
------------------

The *Agrobacterium tumefaciens* LBA4404 cells carrying binary plasmid, pCAMBIA1300, were grown overnight in YEM medium [@bib0010] containing 50 mg/l kanamycin, 50 mg/l streptomycin and 25 mg/l rifampicin. About 20% of primary culture was inoculated into 100 ml YEM with 50 mg/l kanamycin, 50 mg/l streptomycin and 25 mg/l rifampicin in a 500 ml flask and allowed to grow for ∼5 h till OD~600~ ≈ 0.8--1. *Agrobacterium c*ells were harvested by centrifugation at 5000 rpm, 4 °C and the cells were resuspended in MS liquid media (MS salts [@bib0160] +10 g glucose +15 g/l sucrose and pH 5.8) to obtain OD~600~ ≈ 0.6--0.8. *Agrobacterium* cells were activated by treating with 200 μM acetosyringone (AS) for 45--60 min in dark before infection.

The calli, after 5 days of sub-culturing, were immersed in the *Agrobacterium* suspension for 15--20 min with continuous shaking. The infected calli were transferred on sterile filter papers for drying and then were incubated on co-cultivation medium (CCM) at 26--28 °C for two days, in dark. After 2 days of co-cultivation, the infected calli were washed 3 times in sterile water and then washed once in sterile water containing 500 mg/l cefotaxime and again in sterile water containing 250 mg/l cefotaxime to remove *Agrobacterium*. The washed calli were dried on sterile filter papers and cultured on callus selection medium (CSM) kept in dark for selecting transgenic calli on 50 mg/l Hyg. After first round of selection for 20 days, brownish or black colored calli were discarded and white calli were transferred to fresh CSM medium for second selection cycle for 15 days. This step allowed the proliferation of micro calli and when small micro calli started growing on the mother calli, each micro callus was gently separated from the mother calli and transferred to fresh CSM medium for the third selection 15 days. Healthy calli were selected for regeneration.

2.3. Callus regeneration {#sec0025}
------------------------

After the third selection, healthy calli were transferred to the specific regeneration medium (RM1-4) and incubated in dark in culture room for 7 days. After which they were transferred to fresh regeneration medium and incubated at 26--28 °C under light. After 1--2 weeks, green buds were seen arising from the calli. The green buds developed into shoots and were transferred to rooting medium (RoM) in presence of Hygromycin (50 mg/l) under light for 20 days. The whole plants were transferred to vermiculite pots before being transferred to the soil pots and grown in the green house.

2.4. Media compositions {#sec0030}
-----------------------

The CIM, CCM, CSM and RoM media compositions used are detailed below. These were adapted from Sahoo et al. [@bib0210] with some modification.

CIM: MS salts [@bib0160] with Vitamin B5 + 30 g sucrose + 0.3 g casein hydrolysate + 2.5 mg/l 2,4-D + 0.1 mg/l BAP + 0.65 g proline + 4 g phytagel, pH 5.8.

CCM: CIM + 200 μM acetosyringone.

CSM: CIM + 250 cefotaxime + 50 mg/l Hygromycin.

RM1: BAP medium: MS salts [@bib0160] with Vitamin B5 + 30 g maltose + 2.7 mg/l BAP + 1.2 mg/l kinetin + 0.5 mg/l NAA [@bib0210].

RM2: Kinetin medium: MS salts [@bib0160] with Vitamin B5 + 30 g maltose + 3 mg/l kinetin + 2 mg/l NAA [@bib0235].

RM3: TDZ medium: MS salts with [@bib0160] Vitamin B5 + 30 g maltose + 1 mg/l TDZ + 1 mg/l NAA [@bib0265].

RM4: Zeatin medium: MS salts [@bib0160] with Vitamin B5 + 30 g maltose + 1 mg/l zeatin + 0.5 mg/l NAA [@bib0175].

RoM: MS salts [@bib0160] with Vitamin B5 + 30 g sucrose + 3 g/l phytagel, pH 5.8.

2.5. Analysis of rice transgenic {#sec0035}
--------------------------------

*T*~0~ plants were screened via PCR using 35S-Fwd primer 5′TGACGCACAATCCCACTATC3′ and SacI-Rev primer 5′AGCGAGCTCGGTACCGCTGCTGATGCTG3′. PCR-positive plants were checked to determine the copy number of transgenes using Southern blotting. To detect the copy number of the integrated transgene, Southern blot analysis of the PCR positive plants was carried out. For this 15 ng purified genomic DNA of rice was digested with restriction enzyme *BamHI* and run on 0.8% agarose gel. The DNA on the agarose gel was transferred to N^+^ membrane. DIG-labeled DNA probes were used for Southern blot analysis and all procedures for the DIG application system (Roche) were performed according to the manufacturer\'s recommendations.

3. Result and discussion {#sec0040}
========================

In the present study the effect of antibiotics on regeneration of *Oryza sativa* cv IR64 transformed with pCAMBIA1300 was studied across different culture media using previously standardized protocols for *Agrobacterium-*mediated transformation. The details of the transformation protocol are described in the materials and methods. Briefly, the regenerative calli were produced from mature rice seeds on callus induction medium (CIM). The resultant calli were used as explants for co-cultivation with *Agrobacterium* on callus co-culture medium (CCM). The calli were washed to remove the *Agrobacterium* and transferred to the callus selection (CSM) medium. After three rounds of selection the micro calli were used for shoot regeneration by transferring them to the regeneration medium. The regenerated shoots were transferred to rooting media (RoM) ([Fig. 1](#fig0005){ref-type="fig"}).Fig. 1Transformation of a pCAMBIA1300 based construct into IR64 Rice.

The shoot regeneration of cultivar IR64 was triggered on four distinctive media composed of different phytohormones viz. BAP [@bib0135], Kinetin [@bib0105], TDZ [@bib0205], Zeatin [@bib0175] and Putrescine [@bib0220]. In each case, the transgenic calli were selected in presence of only Hygromycin (Hyg) (30 mg/l) or a combination of Cefotaxime (250 mg/l) and Hyg (30 mg/l). The regeneration medium without any antibiotic was used as controls. The percentage of calli induced in each case is tabulated in [Table 1](#tbl0005){ref-type="table"} and pictorially represented in [Fig. 2](#fig0010){ref-type="fig"}.Fig. 2Pictorial representation of the effect of phytohormones and antibiotic selection on the shoot regeneration of IR64 callus.Table 1Effect of supplementing different phytohormones and antibiotics on shoot regeneration of cultivar IR64.PhytohormoneBAPKinetinTDZZeatinExperiment number123Total123Total123Total123TotalWithout antibioticNo. of callus23171656231716562317165623171656No. of shoots53311323842172215No. of plants3227222631152114Plants/callus (%)13.0411.7512.5012.44 ± 0.648.7011.7712.5010.99 ± 2.0213.045.886.258.39 ± 4.038.705.886.256.94 ± 1.53  Hygromycin (30 mg/L)No. of callus23171656231716562317165623171656No. of shoots3115221522151113No. of plants2114100110011001Plants/callus (%)8.705.886.256.94 ± 1.534.35001.45 ± 2.514.35001.45 ± 2.514.35001.45 ± 2.51  Cefotaxime (250 mg/l) and Hygromycin (30 mg/l)No. of callus23171656231716562317165623171656No. of shoots0000000000000000No. of plants0000000000000000Plants/callus (%)0000000000000000

It was observed that in absence of antibiotic selection the maximum regeneration was obtained on the BAP medium followed by the Kinetin medium ([Table 1](#tbl0005){ref-type="table"}). Whereas the regeneration percentage on the TDZ medium and Zeatin medium was almost half of that obtained on the other two media. In all the cases maltose was used as a carbon source as it has been reported that maltose showed better somatic embryogenesis in indica and japonica rice cultivars [@bib0115].

However, after applying the antibiotic selection the regeneration percentage came down as it supported the growth of putative transgenics only. In plant tissue culture, the nature and concentration of antibiotic used can extensively affect the regeneration potentials just as any other component of the culture media. The presence of antibiotic at exceeding high levels not only kill the non-transformed cells, it also inhibits growth of the transformed cells and plants, thereby leading to delay in regeneration [@bib0270]. The *nptII* gene, which confers kanamycin resistance, is the most popularly used selectable marker gene for generating transgenic dicotyledonous plants in research laboratories [@bib0270]. Rice callus shows natural resistance to Kanamycin and can survive on medium containing supplied kanamycin at doses up to ten times higher than that sufficient to kill many other species [@bib0020]. Hyg B is more effective in transgenic cell selection as compared to other agents, like Kanamycin [@bib0075], [@bib0230]. Hyg B is an aminocyclitol antibiotic, which inhibits protein synthesis by causing mistranslation and interferes with protein translocation [@bib0085]. In plants, this antibiotic is very toxic [@bib0260] and transformation protocols in a number of crop plants, including dicots and monocots have successfully used Hyg as a selective maker for generating transgenic plants [@bib0150].

The effectiveness of the antibiotic selection is dependent on plant species, type of cultivars, tissue types, organs and even within different stages of development of the same species [@bib0075], [@bib0150], [@bib0155], [@bib0180], [@bib0285]. According to Li. et al. [@bib0140] non-transformed rice callus growth was greatly inhibited in medium supplied 30 mg/l of Hyg and the growth was completely inhibited in presence of when the concentration was raised to 50 mg/l. However, in some species much higher doses have been used for selection as in Minghui 63, an indica rice, the selection pressure was applied at 60 mg/l Hyg [@bib0145] while immature embryo-derived regenerative cultures of onion were selected on and 50--100 mg/l Hyg [@bib0075]. Lin and Zhang [@bib0145] also observed that during transformation of indica rice the overall transformation efficiency did not correspond with the regeneration frequencies observed in control sets with untransformed calli. The cultivars, which showed a high frequency of regeneration without transformation, exhibited much lower frequency of regeneration in the transformation experiment. Whereas cultivars that exhibited resistance to Hyg during regeneration of untransformed calli had greater frequency of regeneration after transformation. It was thus hypothesized that the regeneration frequency in the transformation experiment may be dependent the ability of the rice callus to resist the antibiotic, in this case Hyg [@bib0145].

In the case of IR64, it is recommended to use Hyg at a reduced concentration of 30 mg/L [@bib0135]. It was observed that in presence of Hyg alone the best results were obtained on the BAP medium where 7% regeneration was obtained on medium supplemented with Hyg while 1.5% regeneration was obtained on the other media with similar antibiotic selection ([Table 1](#tbl0005){ref-type="table"}). These regenerated plants included the putative transgenic lines as confirmed by transgene integration using genomic PCR ([Fig. 3](#fig0015){ref-type="fig"}) using specific primers. On increasing the selection pressure by using a combination of Cefotaxime (250 mg/l) and Hyg (30 mg/l) the regeneration potential of the calli was greatly affected. This is graphically represented in [Fig. 2](#fig0010){ref-type="fig"}.Fig. 3Effect of different phytohormones and antibiotic selection on regeneration of shoots in rice (cultivar IR64) calli.

The inhibitory effect of cefotaxime on shooting and rooting was explained by Nauerby et al. [@bib0165]. The cefotaxime group of antibiotics contain 6-aminopenicillanic acid, phenylacetic acid and phenylmalonic acid in the β-Lactam ring and the side chain, and may have important biological activities in plants and cause loss of phytohormone balance at high concentration, resulting in the low transformation and regeneration efficiencies [@bib0170]. It has been shown that the reduction of the time period for which the calluses are subjected to antibiotic selection could increase the regeneration potential of the transformed calli [@bib0250]. In RD6 indica rice a slight inhibitory effect was seen with carbenicillin and cefotaxime at 50 and 100 mg/l, respectively [@bib0190], however, the highest dose of both carbenicillin and cefotaxime (250 mg/l) completely inhibited regeneration [@bib0190], [@bib0195].

The putative transgenic lines were screened for transgene integration by PCR using specific primers. The PCR amplified products of 390 bp indicated positive transgene insertion in all the putative transgenic lines selected except for line 3 of Zeatin medium supplemented with Hyg ([Fig. 4](#fig0020){ref-type="fig"}). The copy number of transgenic IR64 rice lines was also confirmed using Southern blot analysis (data not shown). It was observed that most of the IR64 transgenic rice lines have single copy integrations while in some cases multi copy integrations were found.Fig. 4Genomic PCR to screen the IR64 rice transgenics (A) Rice transgenics regenerated on BAP medium. 1 to 7: Lines 1, 2, 11, 24, 27, 41 and 43 regenerated on RM medium without antibiotic; 8-11 Lines 1, 2, 24 and 41 regenerated on RM medium with Hygromycin. (B) Rice transgenics regenerated on Kinetin medium. 1 to 6: Lines 1, 2, 25, 27, 41 and 44 regenerated on RM medium without antibiotic; 7: Line 1 regenerated on RM medium with Hygromycin. (C) Rice transgenics regenerated on TDZ medium. 1 to 5: Lines 1, 2, 5, 24 and 43 regenerated on RM medium without antibiotic; 6: Line 1 regenerated on RM medium with Hygromycin. (D) Rice transgenics regenerated on Zeatin medium. 1 to 4: Lines 1, 2, 24 and 41 regenerated on RM medium without antibiotic; 5: Line 3 regenerated on RM medium with Hygromycin. Wt: Wild type; N: Negative, P: Positive, M: Ladder.

Thus it has been shown that the high-efficiency transformation of scutellar-derived regenerative calli of recalcitrant indica rice cultivar IR64 can be obtained by using maltose as a carbon source and increased quantity of 2,4-D on a medium containing a higher concentration of gelling agent. However we observed that the percentage of regeneration is greatly affected by the presence of antibiotics. In the case of IR64, Hyg is required to be used at a reduced concentration and addition of a second antibiotic completely blocks regeneration. This suggests the need to develop protocols for antibiotic marker free selection to increase the yields of regenerates in such cultivars.
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